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Building a Bridge to the Corn Ethanol Industry
High Plains Corporation's Portales, NM Facility
Subcontract ZXE-9-1808-06

Executive Summary

SWAN Biomass Company, High Plains Corporation and Westherly, Inc. were awarded a contract by
NREL to evauate the opportunity for converting dl or part of the High Plains Portdles, NM ethanol
facility to biomass feed. The Portdes plant, owned by High Plains, currently produces about 10 million
galons per year of ethanol from milo feed.

SWAN Biomass conversion technology is the basis for the new process design. SWAN firgt evauated
possible biomass feedstocks available close to the existing facility. Cotton gin trash was found to be
abundant in the area, available for the cost of hauling, and suitable as a feedstock for the manufacture of
ethanol. SWAN then optimized the design of the biomass plant, and performed extensive economic
evauations tailored to the specifics of the feedstock, facility site and owner. Westherly, Inc., a process
engineering company with expertise in the desgn and congruction of ethanol plants, reviewed the
existing equipment at Portales, and estimated the costs for modifying that equipment to alow the plant to
run on biomass. High Plains supported both efforts, and investigated means for implementing the new
technology.

The proposed modifications would cost $30 million. Mog of the capitad cost would be for biomass
pretreatment equipment and the large fermentation vessal's needed to convert biomassin high yied. The
modified facility would produce 11.3 million galons per year of ethanol from 725 tons/day of cotton gin
waste. The Base Case projected discounted rate of return is 23.5%, and the NPV is $18 million.
Sengtivity andysis shows that increases in cdlulase enzyme or feedstock costs above the Base Case
assumptions would sgnificantly cut into the profits, but the modifications would Hill be judified
financialy. The Base Case assumes that the unreacted solids can be sold as an anima feed component,
but even if the solid product is sold as a solid fuel, the estimated project rate of return is dill attractive.
The rate of return on invested capita would increase sgnificantly if part of the capita were borrowed
for congtruction at today’ s interest rates.
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I ntroduction

The National Renewable Energy Laboratory (NREL) and the U.S. Department of Energy (DOE)
Office of Fuels Development (OFD) have cod-shared severd sudies to examine introduction of
biomass feedstocks into existing grain-to-ethanol processing plants. Processes utilizing biomass as a
feedstock for ethanol production require higher initid capital cogts than those that process conventiona
darch feedstocks. The converson of existing starch-based facilities promises to reduce those capita
cogts and may speed initid commercidization of biomass-to-ethanol technology.

SWAN Biomass Company and its collaborators, High Plains Corporation and Weetherly, Inc., have
completed one of these NREL-cost-shared studies, the converson of High Plains Portales, New
Mexico milo-to-ethanol facility to use locally available lignocelulosc biomass as feedstock. SWAN
Biomass Company has rights to suitable technology for biomass conversion to ethanol. In part, this
technology was developed in cooperation with NREL. High Plains Corporation owns three ethanal
production facilities, including the one in Portales, NM. The Portales plant is rdatively smdl, and has
not been able to consstently make a profit. It was therefore targeted as a candidate for possible
conversion to a lower-cost feedstock. Weatherly, Inc. is an Atlanta, GA engineering firm that is owned
by Chematur, a Swedish engineering company tha builds ethanol plants throughout the world.  The
three companies interacted closdy to produce a very promising design for possible implementation at
Portales.

This Final Report provides the results for each of the firg five work eements contained in the Statement
of Work for the project (Appendix A), and then summarizes the conclusions and recommendations of

the participants.

Work Element 1: Feedstock Selection

SWAN hired Mike Davis, a biomass expert based in the Imperid Vdley of southern Cdifornia, to
conduct the first phase of the feedstock sdection study. Mr. Davis vidted the Portdes plant, and
surveyed poss ble biomass feedstocks in eastern New Mexico and western Texasin late April 1999.

Davis objective was to evauate the availahility, cost and feasihility of harvesting substantial and reliable
sources of feedstock materid in the Portdes, NM area. To accomplish this objective, he conducted
both telephone and in person interviews with processors, harvesting companies, farmers, truckers, feed
brokers, government employees and academia in western Texas and eastern New Mexico. He
identified over 17,000,000 annua tons of agricultura wastes as candidate feedstocks, including cotton



gin trash, sorghum stover, wheat straw, corn stover, corn slage and peanut hulls. Davis report is
attached as Appendix B.

Cotton Gin Trash

By far the lowest cost materid identified by the feedstock survey was cotton gin trash (CGT). Cottoniis
a mgor crop in the southwestern United Statess.  The USDA maintains mgor cotton processing
research facilitiesin the vicinity of Portales. Their Cotton Production and Processing Research Unit isin
Lubbock, TX, and their Southwestern Cotton Ginning Research Laboratory isin Mesilla Park, NM. A
bale of cotton usualy generates about 700 pounds of CGT when it is cleaned. The eight eastern
counties of New Mexico surveyed produce about 54,000 bales of cotton per year, and about
3,000,000 annual bales are produced in nearby Texas.

A smdl amount of CGT is pelletized and marketed as cattle feed, but most of it is a digposa problem
for the processor. The estimated supply of such trash in the Portales areais dightly more than 1 million
tons per year, and it is available a zero cost to anyone who will haul it avay. The gin operators
contacted in the study indicated they would be interested in long-term contracted outlets for their
materid at no cost. Davis estimated the transportation cost for this materia to average $11.57/ton
(between $5 and $18 per ton, depending on location).

Other Feedstocks

In contrast, the cogts for the other potentid feedstocks identified by Davis were sgnificantly higher,
generaly about $40/ton at the plant gate. Peanut hulls are a bit lower in price, averaging about $30/ton.
The price for corn silage and peanut shells is determined by their value as cattle fodder, about $20/ton
(to which haulage costs must be added). Whesat straw, corn stover and sorghum stover are not usually
harvested in thisarea. The high estimated price for these materias results from high baling costs (1800
Ib. square bales) of $25/ton for the stovers and $35 to $40/ton for the wheat straw. These prices
include both the farmer's costs and a collection incentive.

These estimated costs are somewhat higher than baling costs reported or estimated for other projects.
The corn stover collection project reported baling costs of $14.60/dry ton (paid to an independent
baling contractor), in addition to a payment to the farmer of $2.90 to $15/dry ton. Average cost per
dry ton delivered was $31.60 to $35.70, the latter applying to costs when only hdf the stover in any
field was harvested. Leaving part of the stover in the field alowed collection of a cleaner product, that
is, biomass containing less of dirt and rocks. Merrick & Company” reported that the cost of corn
sover a High Plains York, Nebraska facility would be about $35/dry ton, based on proprietary
information available to High Plains. This cost was derived assuming that only 60% of the stover would
be collected in any given fidd. The Gridley rice straw project’ estimated the cost for baling rice straw at
between $17 and $25/dry ton in Cdifornia, with hauling costs between $8 and $12 per dry ton. The
lower hauling codts a& Gridley reflect shorter hauling distances. At Gridley, no cash incentives for the
farmer were included; the incentive for the farmers to provide rice straw was not added profit, but
avoided problems with straw disposal.



Cotton Gin Trash Composition

Table 1 in the Davis feedstock report (Appendix B) presents literature values for CGT andyss, but
these data are not in sufficient detail to alow estimation of ethanol processyields. The table shows that
crude fiber content for various samples of CGT from the southwest is between 42.1% and 21.8% on a
dry basis, with an average of 32.5%. Thisleve is high enough to suggest cotton gin trash might be an

attractive feedstock.

Axion Andytica Laboratory, Chicago, Illinois, andyzed a sample of CGT collected by Mike Davis. A
second diquot from the same sample was tested for total available sugars and lignin only, with nearly
identical resultsto thefirst diquot.  The total available sugar content was 38.1% and 36.0% of the dry
biomass in the two samples run. These numbers trandate into 32.1% and 34.0% fiber (cellulose and
hemicelulose), in good agreement with the average crude fiber measurements discussed above.

The sum of dl the components on adry basisis
dightly less than 91%, as shown in Table 1.
The engineering dudies, and economics
deveoped from them, utilize the actud
meesured vaues of sugar content, but
sengtivities were dso run assuming  the
"missng’ meass to be fermentable sugars. It is
unlikely that sugar contents will actudly be this
high, but usng such vaues for sugars provides
an upper limit estimate of the sugar content of
the feed. The data from the Davis report show
that some variation should be expected in
fermentable content, but it is not known if the
differences observed in that report are due to
andyticd technique, sample type, sample place
of origin or crop variables such as westher or
cotton variety.

The acetate content of the feedstock is high
enough to require acetic acid remova from the
fermentation broth so that the yeast can ferment
xylose @ a reasonable rate.  Acetic acid will
become a minor byproduct from operation of

an ethanal facility that uses CGT as a feedstock.

Tablel
Cotton Gin Trash Composition
Component Amount
(% Dry)
Fiber 34.03
Lignin 38.32
Protein 7.19
Fat 0.85
Sol. Ash 4.41
Insol. Ash 4.38
Acetate 1.76
Total 90.94

The protein content of the CGT is 7.19%, cdculated by multiplying the measured nitrogen concentration
by 6.25, the procedure indicated in the Davis feedstock report. The protein leve is high enough that the
solids generated as a co-product of ethanol manufacture should have use as a component in cettle feed.

" See Appendi x C for nmore conpl ete sanple anal ysis



Proper processing will not harm the initia protein, and the remova of carbohydrate and the generation
of yeast bodies that will occur in the process will sgnificantly increase the protein concentration in the
solid product.

Work Element 2: Site Assessment

A dte vidt took place on April 28 - 29, 1999. During this vist, the High Plains plant manager, Steve
van Norden, conducted a plant tour.  Weatherly personnd found the documented information available
to them a the Portaes facility to be well organized and up-to-date, and the Portdes staff well informed
and very cooperative.

The Portdes ethanol plant currently produces about 10 million galons per year of fud ethanol, using
milo as the feedstock. The facility was desgned to produce dried didtillers grain and solubles (DDGS)
and liquefied carbon dioxide as byproducts. The plant Sitson 15 acres of land in an industrid park, and
is contained in three sted buildings. Table 2 (attached) ligts the existing equipment in the Portaes facility,
and a plot plan is included in Appendix D. The main building houses the office, control room, cook
aea, fermentation area, solids separation area and drying area.  The didtillation, adsorption, and
evaporation sections are located outside, just north of the main building. The boiler building houses two
boilers capable of 40,000 Ib/hr of steam each, three air compressors, and a water softener. The feed
storage building can hold approximately 1000 tons of dried digtillers grain and solubles (DDGS). Next
to the boiler building is the alcohol storage area capable of holding 1,000,000 gdlons of product.

Feed Handling

Milo, the primary feedstock, is ddivered to the plant in grain trucks. The trucks are bottom unloaded
into arecaiving hopper. The grain then is passed through a scalper to remove any debris and fines and
istransferred to the whole grain storage bins.

Conveyors and devators transfer the milo to the hammer mill feed hopper, from which it flows to the
hammer mill where it is ground. The milled grain is fed to the milled grain storage bin. Dust from the
milling and conveying operation is recovered by a dust collection sysem and is dso sent to the milled
grain gorage bin. A feed screw conveyor continuoudy feeds the grain from the milled grain storage bin
to the liquefaction section of the plant.



Liquefaction and Cooking

In the liquefaction section, the grain is fed to amix vessd, where it is mixed with neutralized hot water.

Alpha-amylase enzyme is added to the mix vessd as well. The mixture is agitated to promote good
wetting of the med. Overflow from the mix vessd goes to the primary liquefaction vessdl. The primary
liquefaction vessdl is a three-stage agitated vessd. The solution is controlled a a pH of 5.5-6.5
primarily by adjusting the pH of the neutraized water, with additiond trim control by caugtic when

necessary.

The resulting mash is pumped through a hydrohester where it is mixed with geam and sent to the
cooking vessd.  The mash is then flash cooled in a nine-stage agitated secondary liquefaction vessd.
Flash vapor form the secondary liquefaction vessdl is condensed in flash condensers and sent back to
the mix vessd. A controlled pH of 4.0-5.0 is maintained by recycling thin gtillage from the evaporator
feed tank and by the addition of acid as needed. The mash is dso mixed with recovered water from the
digtillation section and is cooled in the beer till economizer and the prefermentation cooler. The cooled
mash is sent to the fermenters.  Gluco-amylase enzyme is added to promote the conversion of starch
polymers to sugar.

Fer mentation

The fermentation section is a batch operation, designed so that the liquefaction, didtillation, and drying
sections can be operated continuoudy. The plant contains five fermenters and a beer well, each with a
working volume of 165,000 galons (186,121 gdlonstota volume). Tota cycle time for fermentation is
60 hours.

Yead is grown from a smdl quantity of starting inoculum in a pair of yeast propagetion reactors. A
portion of the liquefied mash is sent to the yeast reactors as growth medium. Measured quantities of
yead, ureg, and penicillin are added. During the fill, ar is sparged into the reactor to promote aerobic
yeast growth. To maintain the durry at the required temperatures, excess heat of reaction is removed
by circulating a portion of the durry through the yeast reactor coolers. Agitation is provided to ensure
good dispersion of the air into the durry. Each yeast reactor operates on a 24-hour cycle to dlow for
yeast propagation, yeast transfer to the large ethanol generating fermenters, and yeast reactor cleaning.
Each yeadt reactor provides the quantity of active yeast that is needed by a fermenter at the beginning of
the filling operation.

During fermentation, the yeast consumes glucose to produce ethanol and carbon dioxide. The reaction
is exathermic. The heat of reaction is removed by circulating a portion of the mash through the
fermenter cooler. The temperature of the fermenter is kept at gpproximately 90°F. The mash is stirred
by the fermenter agitators.

The carbon dioxide from the fermenters is currently removed, scrubbed, and discarded. The origina
design included the recovery and liquefaction of the CO, but the facility no longer produces liquefied
carbon dioxide. High Plains ingtaled a new carbon dioxide blower in order to operate the carbon
dioxide scrubber to recover ethanol that would be lost otherwise. The remaining carbon dioxide
recovery and liquefaction equipment has been removed from the plant.



When the fermentation is complete, the batch is pumped to the beer well. The beer wdll isthe same sze
as the fermenters. The beer wdl effluent is heated with liquefied mash in the beer sill economizer and
further heated with beer till bottomsin the beer till preheater before being sent to the beer ill.

Distillation

In the beer dill, ethanol is separated from most of the associated water by didtillation. The wet ethanol
isdried in the adsorption section.

The didtillate vapor from the beer il is compressed by the ethanol blower and fed to the adsorption
system. The adsorption system consists of three molecular Sevesthat operate automaticaly.

During the adsorption step, the ethanol-water vapor flows up a pressurized fixed bed of molecular
seve. Water is absorbed and anhydrous ethanol vapor leaves the top of the adsorbers. The anhydrous
ethanol from the adsorbers is condensed in the anhydrous ethanol condenser. The ethanol is then
pumped by the ethanol product pumps through the product cooler to the ethanol surge tanks.

During the regeneration step, water is removed from the Seve first by depressurizing and then by
purging with a portion of anhydrous ethanol vapor. The regeneration is downflow and is done under
vacuum. Purge ethanol-water vapor removed from the Seve is condensed in the regeneration gas
condenser.  The condensed liquid is recycled to the beer Hill to recover the ethanol. Vacuum for
regeneration is maintained by the regeneration vacuum pumps. When the regeneration is complete, the
adsorber is repressurized to adsorption pressure using a portion of the anhydrous ethanol vapor.

All liquid leaving the top section of the beer Hill is fed to the water concentration column.  Steam is
sparged into the bottom of the column to dtrip out the ethanol. Concentrated ethanol vapors from the
top of the column are sent back to the beer till. The water concentration column bottoms is sent to the
fermenters.

The whole dtillage from the bottom of the beer ill is cooled by exchange with the beer Hill feed in the
beer Hill preheater and sent to the centrifuge feed tank. The dtillage is then pumped to the centrifuge.
The centrifuge removes the fibrous and insoluble materid from the dillage. Mogt of the centrate (thin
dtillage) is collected in the centrate vessel and is trandferred to the evaporator feed tank. Some of the
thin dillage is used as scrubbing liquid in the DDGS gas scrubber and some is recycled to the
fermenters.

Evaporation

In the evaporation system, hest for the first stage concentration is supplied by condensing the beer ill
reflux in the evaporator and beer till reflux condenser, and by condensing ethanol vapor product from
the adsorption system in the evaporator and anhydrous ethanol condenser. This heat concentrates the
dtillage and the low-pressure steam generated from these two evaporatorsis fed to the first stage vapor
compressor.  The condensed reflux from the evaporator and beer Hill reflux condenser flows into the
beer ill reflux drum and is pumped back to the beer ill. The condensed ethanol from the evaporator



and anhydrous ethanol condenser flows into the anhydrous ethanol drum and is pumped to the ethanol
surge tanks.

The partialy concentrated syrup is fed through the feed/condensate exchanger to a vapor compression
evaporator to complete the syrup concentration to 50% solids. The concentrated syrup is pumped to
the syrup tank. Steam from the vapor compression evaporator and first stage vapor compressor feeds
the second stage vapor compressor. Compressed steam from the second stage vapor compressor
supplies heet to the vapor compression evaporator and the didtillation system. The condensate from the
vapor compression evaporator shell sde flows into the evaporator condensate drum.  This condensate
is pumped to the feed/condensate exchanger. Part of the condensate is used to desuperheat the
compressed steam from the second stage vapor compressor. The remainder is sent to the liquefaction
section.

The vent stream from the evaporator and beer gill condenser shell sde is condensed in the beer il
vent condenser.  The condensate flows into the beer Hill reflux drum. The vent stream from the
evaporator and anhydrous ethanol condenser shell sde is condensed in the anhydrous ethanol vent
condenser. The condensate flows into the anhydrous ethanol drum.

A vacuum system is used to quickly develop design suction conditions for start-up of the first stage
vapor compressor and the second stage vapor compressor.

Solid Byproduct Handling

The plant is designed to produce a high protein by-product, digtiller dried grain and solubles (DDGS).
The DDGS contains less than 10% moisture, which leaves the protein in a stable condition.

The cake from the centrifuge is mixed with syrup from the evaporation system. This mixture is blended
with recycle DDGS in the dryer feed blender to give a combined solids content of about 70%. The
resulting mixture is conveyed to the steam tube dryer. Steam in the tubes provides the evaporation hesat
to dry the solids.  Air passes through the dryer to remove moisture as it evaporates from the solids. A
portion of the DDGS leaving the dryer is recycled to the blender. The steam condensate from the dryer
is sent to the hot condensate drum.

The dryer product is pelletized in the DDGS pellet mill, cooled in the pellet cooler, screened by the
pellet screen and sent to the DDGS storage bins.

Portaes reported that they recently have had problems sdling their DDGS. Normaly, the protein level

in the milo DDGS is quite high compared to corn-based DDGS, about 36% as sold (41% on a dry

bass). However, with the economic problems in Ada in 1999, the soybean farmers have been

exporting less of their crop (normaly shipped through Houston), making this materid available as a
superior domestic animd feed. Portades prefersto sdl their DDGS to dairy farmers, rather than to feed

lots, because dairies contract for feed one year in advance and take ddlivery on aregular basis. Feedlot

sdes are ether short-term contract or spot market, and fluctuate widely. Recently, dairies have opted

for the higher-grade soy product. High Plains would definitdly view any converson process that

avoided the need to sl an animal feed coproduct at a high price as a positive festure.



Utilities

City water is available at the battery limits. A portion of the water is used as cooling water make-up.
The remainder of the water is softened in the water softener and stored in the softened water tank. The
softened water is sent to the deaerator. The deaerator capacity is 42,100 Ib/h.

Recovered water from the didtillation section and condensate from the evaporation section are mgor
sources of process water. Because the water from these sources is acidic, it is neutralized with caudtic
in the process water tank before being fed to the liquefaction system.

Two natura gas fired boilers supply the steam requirements in the plant. Originaly, one of the boilers
was cod burning, but has been retrofit to burn natural gas. The boilers are rated for 150 psig dthough
the plant typicaly runs a a steam pressure of approximately 135 psig. Mogt of the steam is used for
DDGS drying. Theremainder of the seam is used in the liquefaction and didtillation sections.

Condensate from the steam tube dryer is returned to the deaerator.

The cooling tower coals the circulated water to 75°F. The cooling water treatment package provides

chemica treatment for the cooling water sysem. There are two cooling water pumps each with a
capacity of 3500 gpm. The origina cooling tower has a capacity of 2850 gpm. Another cooling tower

has been added which has a cgpacity of 3800 gpm. This cooling tower utilizes the chilled water pumps

to pump the cooling water.

The plant originaly included a chiller package, which was used in the liquefaction section and the CO»
recovery/liquefaction section. The CO» recovery/liquefaction section is no longer in service and the
cooling water temperatures are low enough year-round for the operation of the liquefaction section.
Therefore, the chiller package is no longer necessary and is not in service.

There is no wastewater treatment facility on site. The plant is connected to the city sewer system, and
was origindly alowed to send 300,000 ppm BOD to the city. They currently send 20,000 to 30,000
gallons per day of water to the sewer containing about 4000 ppm BOD. The city has indicated that
they can accept dmogt any reasonable volume of water, but any higher BOD than 4000 ppm will incur
a charge of $1/1000 galons, and there is no guarantee that they can continue to accept the increase.
Any BOD above 5000 ppm will likely lead to rejection.

The dectric switching equipment is oversize for current operations, and should have the capacity to
handle any additiona equipment needed.

Condderations

Conversion of the Portaes facility to utilize biomass feedstock offers an opportunity for improved profit
for High Plains primarily because biomass feedstock will be chegper than milo, the current feedstock.

But a number of other features of the SWAN process offer improvements that High Plains finds
atractive. The ingdlation of continuousflow fermenters is likely to reduce the number of operators



required by one per shift. Eliminating the evaporation and solids drying areas could aso reduce
operaing costs and maintenance problem areas. If the solid residue is burned, sgnificant fud (naturd
gas) and dectric power cogts could be avoided. Any or al of these features would improve the bottom
linefor the plant owners.

Work Element 3: Needed M odifications to Existing Equipment

The two mogt significant changes needed to convert Portales from milo feed to biomass feed are
ingdlation of SWAN's pretreatment process and of much larger fermentation (actudly, smultaneous
saccharification and fermentation, or SSF) vessels. Determination of the needed modifications was an
iterative process. Initid effort on work eement 3 centered on defining modifications that might be
needed to support these unit operations, including feed handling, didtillation, solid-liquid separation, and
utilities. Weatherly consdered ethanol production rates of both 10 million gdlons per year and 20
million gdlons per year. SWAN then developed a tentative Base Case using Weatherly’s information
(under work eement 4), and provided Wesetherly with estimated energy and materid baances.
Weatherly then used these balances to derive the design and costs for the modifications needed convert
Portales to biomass feedstock.

General

The firs sep in the evauation of needed modifications to the plant was to determine the maximum
throughput of the exising equipment. The current limiting factor for ethanol production is the
evaporation equipment. Relieving this bottleneck would alow the plant to produce 17 million galons of
ethanol per year. The next limitation would be in the capacity of the molecular Seves that breek the
ethanol-water azeotrope. However, when the facility is converted to biomass feedstock, the beer fed to
the didtillation section will be lower in ethanol content and higher in water than is experienced when grain
is used as a feedstock. Therefore when biomass is processed, the limiting factor in plant rate becomes
the didtillation section. With the new 4ill feed conditions, the unmodified ditillaion column will flood at
plant rates greater than approximately 12 MMGPY. The plant rate that was the most cost effective was
determined to be 11.3 MMGPY. It is on this production basis that the modifications were designed
and costed.

Feed Handling

Use of CGT as a feedstock results in a lower yield (gd EtOH/ton dry feed) than when milo is the
feedgtock. Therefore, the feed handling section will have a higher throughput, even though the ethanol
production rate is about the same as before modification. It is assumed that the CGT will be delivered
as a peletized materid; the gin owners currently pelletize some of the CGT for sde asanimd feed. The
following conveyors in the feed handling section are too small and will have to be replaced in the Base
Case scenario:

MH101 Grain Unloading Conveyor
MH102 A&B  Grain Scapers
MH103 Whole Grain Leg



MH104 A&B  Silo Conveyors
MH105 Hammer Mill Feed Elevator
MH106 Hammer Mill Rotary Feeder

Fer mentation

The biomass fermentation system will require much larger tanks than are required for grains because the
required resdence time is significantly longer, and because the sugar concentration in the feed is lower.
There gppears to be room on the High Plains property to build three or more large fermentation tanks,
aswell aswhatever other facilities are required.

The plant currently has 5 fermenters and a beer wdll, which have an operating volume of 165,000
gdlons each. The current fermenters and beer well (6 tanks in total) will be piped so that they can
function as the beer well for the new process. The current fermenter coolers are too small to reuse with
the new fermenter tanks and are not required as part of the beer well. The current fermenter pumps
adso aretoo smdl. The current fermenter pumps will be replaced with 3 new beer well pumps. Piping
changes will be made as required between the beer well tanks and the beer well pumps.

Three new fermenter (SSF) tanks of 750,000 galons each will be added to the plant. Each of the
fermenter tanks will include a new fermenter cooler and a new fermenter pump.
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Distillation

The current beer il (V-109) conssts of two sections. The beer isfed to tray 24. The liquid from the
top section of the column (top section = trays 25 - 40) is extracted from the column at tray 25 and fed
to the water concentration column (V-110). Vapors from the water concentration column are fed
above tray 24 in the beer ill.

The lower ethanol content in the beer feed to the beer ill when CGT is used as a feedstock means that
more trays will be required for the digtillation. Tray 25 will be modified such that the liquid from tray 25
flows to tray 24 instead of V-110. The liquid from the bottom of the beer sill will be fed to the top of
the water concentration column (V-110). This configuration will require the addition of new pumps.
The vapor from the water concentration column will be fed to the bottom of the beer dill (below tray 1).
A new 5-tray column will be added that will serve the same purpose as the bottom section of the
current beer dill. The beer feed from the fermentation section will be fed to the top of this new column.
The vapor from this column will be fed to the bottom of the beer ill. The steam that is currently fed to
the bottom of the beer ill will now be fed to the bottom of the new column. The hot gillage pumps (P-
117A&B) will be used to pump the bottoms from this new column to the centrifuge feed tank.

The evaporation sysem will no longer be utilized in its current configuration. There is no need to
evaporae the thin dillage to make syrup; SWAN experience shows that there will be no significant
protein soluble in the tillage.

The evaporator and beer dill reflux condenser (E-113) will still be used as the beer ill reflux condenser
but will use cooling water instead of thin stillage to accomplish the condensing. Similarly, the evaporator
and anhydrous ethanol condenser (E-114) will ill be used to condense the ethanol vapor from the
molecular Seves but will aso utilize cooling water ingead of illage.

Currently the steam being fed to the bottoms of the beer ill (V-109) and the water concentration
column (V-110) comes from the evaporation syssem. The plant will be modified to use seam from the
low-pressure steam header. The steam will be let down in pressure to match the current operation.

The operation of the evaporation system will be asmplified consderably. The vapor compresson
evaporator (E-115) and vapor compressors (C-105 and C-106) will not be required.

The beer 4ill preheater (E-109) is now too smal and will be replaced with alarger exchanger.
Drying

The exiging centrifuge is not large enough to accommodate the increase in solids in the beer ill bottoms
that will be crested when CGT is used as afeedstock. A new centrifuge will be added.

Although the solid waste can be sold as animd feed, it will be sold wet so that the steam dryer will no
longer be utilized.
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Utilities

The SWAN process requires high-pressure steam that is currently unavailable at the plant. A new
boiler capable of ddivering 400 psig steam will be added to the facility. New boiler feedwater pumps
will be included aswell as piping to the pretreatment area.

Cooling water requirements will increase in the new plant configuration. A new cooling water tower and
pumps will be provided.

A new packaged chiller will be provided for the pretreatment area. 1t may be possible to use equipment
from the origina chiller plant, thus reducing estimated capital codts.

Waste Water Treatment

The plant currently has no wastewater treestment facility. The wastewater from the plant is fed directly
to the city sewer. The addition of the biomass process will increase wastewater volume from the plant,
dthough it is not clear whether the tota BOD content of the wastewater aso increases. An anaerobic
digester will be added to the plant to lower the water BOD content before it is sent to the city sewer.
This addition seems prudent, given the tight limits alowed by the city of Portades on the wastewater
qudity. 1t may be possible to diminate this operation, but additiona data are needed on the wastewater
quality before doing 0.

Work Element 4: Design and Costing of New Facilities

SWAN Biomass Company created a spreadsheet computer program to optimize the design for
conversion of biomass to ethanol a Portdes. The spreadsheet evauates a particular design, and
caculates a capital charge-based cogt in dollars per galon for the ethanol that design will produce. This
cogt assumes a 15% discounted rate of return on the initid capitd investment in the new equipment
needed. The output of the spreadsheet includes al stream compositions, flows, temperatures and
pressures, aswell asalist of capital cost for each unit operation, and detailed operating costs and utility
requirements.

This process spreadshest is linked to a second spreadsheet that uses the design parameters for the
process and a set of economic assumptions that reflect the business perspective of High Plains to
cdculate a complete financia pro forma for the commercid facility. Two important results on this
financid spreadshect are the expected rate of return for investments in the facility, and the net present
vaue (NPV) at a specified discount rate. For the purposes of this work eement only, the discount rate
was specified to be 15%, matching the rate of return used to calculate the capital-charge-based ethanol
cost, so the spreadsheet reports a NPVis. A more appropriate discount rate for the ethanol industry
(12%) is used in work element 5.

The first step in the procedure to determine the Base Case process design was to specify a series of
designs, primarily varying solids feed rate, cdlulase enzyme dosage, and SSF residence time to
determine which st of parameters give a design with the best economic performance. Feed
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composition, pretreatment conversions, enzyme cost and ethanol concentration sent to the ill were
kept congtant in the initid evduations. The feed was assumed to be CGT, as andyzed by Axion
Andytica. Pretrestment conversons were congstent with SWAN experience. Enzyme was assumed
to be avalable for purchase a $0.50/liter, and not to be manufactured on ste.  The ethanol
concentration in the didtillation feed stream was fixed a 70 g/liter, provided that no more than 50% of
the SSF product liquid was recycled to achieve this concentration.

The resulting tentative Base Case design handled 725 tons/day of CGT feedstock, and produced 9.66
million gallons of ethanol per year. It used an enzyme dose of 5 IFPU/g cdlulose and a resdence time
of 72 hours, with three SSF tanks in series. The cost of ethanol was estimated to be $0.80/gallon, and
the capital investment required was $29 million. Longer residence times or higher enzyme doses would
produce more ethanol, but the cost of producing that ethanol rose faster than the income generated by
it.

The next step was to tranamit the resulting design to Wesetherly, who provided more accurate capital
costs for the additiond equipment needed to convert the Portales facility. Westherly also checked the
prices for chemicas and utilities at Portales. The revised capital and operating costs were then used to
repest the optimization exercise, and come up with the find Base Case design.

The find Base Case is smilar, but not identica, to the preliminary Base Case. The solids feed rate is
gill 725 dry tons per day of CGT, but the enzyme dose is increased to 10 IFPU/g. cellulose, and the
ethanol production rate is increased to 11.28 million galons per year. The cost of the ethanol is $0.80
per gdlon, and the initid capita required is $30 million.

The product solids are assumed to be sold as a component of anima feed based on their protein
content. Protein is vaued at $0.20/Ib, equivaent to protein in corn fiber when corn is sdling for
$2.50/bushd, a long-term average price. Acetic acid is vaued a $0.17/Ib, which is low, but thought
reasonable for Portales. Methane generated in the anaerobic digestion section of the plant is burned in
the boilers, and is not available for sde. Carbon dioxide is assumed to be discarded, as it is now at
Portales. Portales used to sall CO;, but stopped and removed the equipment in 1999.

. Among the variable codts, the
Figure 1 most significant are those for
Capital Charge Economics feedstock and  enzyme,

Sengtivity of the results to
increases in these codts are
examined beow. L abor
costs assume lower
manpower than the plant
currently requires, based on
the discussons with plant
management. Changing from
batch to continuous
fermentation and the
dimination of both

Portales Base Case

Incomes

&7

$ 1.64/gal ethanol $ 1.85/gal ethanol




evaporation and drying will help reduce manpower needs.

Figure 1 shows ethanol costs and incomes for the modified Portades facility broken down into mgor
categories. An ethanol value $1.10 per galon is used, as specified by High Plains. Capitd is dlearly the
largest cogt (capital charge basis, using a 15% rate of return), and feedstock, utilities and enzyme costs
are dso large. Labor, chemicds and MTIO are less important to the overdl costs. Solids sdes for
protein vaue make up about 1/3 of the total income expected; acetic acid provides less than 10% of the
projected income.

Capital costs are
presented in Figure 2

Figure 2 below. The construction

Capltal COStS totd is $19 million, and

N enginee“ingz mingaw

426% and roydties bring the

$ 30.0 I:"lilliun / grand tota cost up to $30
tota

million. The contingency is
quite large (20%, or $5
million), and could be
reduced once more data
on processing CGT is
accumulated. There is no
112% High Plains home office
cost assgned to these
project costs. Figure 2
C&nh’l;nge HPBIE:“E'J B0, below shows t_hat

10.1% 3 4% pretreater and fermentation
tank costs make up wdl
over hdf of the totd
congtruction capital, and
that the pretreater is twice the cost of the fermenters. The new centrifuge, high-pressure boiler and
anaerobic digestion tank are dso significant cost items.

There is a good chance to modestly reduce capitd costs through the purchase of second-hand
equipment. The water column needed in the didillation area, the new cooling tower, and the high-
pressure boiler are likely to be available second hand; suitable pieces of equipment were located by
Weatherly available in April 2000. If smilar equipment can be located when a project is launched, the
tota saved on ingtalled capital cogt is about $650,000, which would reduce the Base Case ethanol cost
about $0.015 per gdlon, and the tota required capitd about $1 million.

SWAN investigated the use of second hand equipment in the pretrestment section as well. It appears
likely that multiple trains of smdler pretrestment equipment could be used in place of the new equipment
specified in the Base Case, without increasing costs.  Although there seems to be no cost advantage to
making such a subgtitution, there are a number of reasons to prefer the smdler equipment, including
reducing the scae-up from experimenta experience, providing redundancy in the pretreatment area, and
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sgnificantly reducing condruction time (Since the pretrestment equipment is the longest ddivery time
item needed).

Sengtivity of the capitd charge case economics to some of the process assumptions was tested. At
Base Case (low) enzyme cogt, reducing enzyme use produces a roughly comparable reduction in
revenue from ethanol, and the cost per gdlon of ethanol produced isrelatively flat. However, if enzyme
cods are higher, $l/liter instead of $0.50/liter, use of a lower enzyme dose becomes much more
attractive despite reduced revenue from lower ethanol production.

Sengtivity to feedstock composition was also tested. If the cellulose content of the CGT is determined
by difference (29.56 %), instead of by using the measured vaue (21.22 %), ethanol yield increases by
2.7 million gdlons, and the cost of the ethanol drops a nickel per galon. This is an optimistic case,
which assumes that dl of the "missng” materia not identified in the feedstock andyd's turns out to be
cdlulose. This amount of cdlulose was conddered to be the maximum fermentable sugars possible in
this feedstock.

The sengtivity to increases in capita cost was found to be symmetrical around the Base Case data
point. Adding $5 million to the capita cost will raise the ethanol cost by thirteen cents per gdlon, and
subtracting the same amount from the capita cost will lower the ethanol cost an equa amount. This
amount of capitd cost reduction may be possible if second-hand equipment can be located and
purchased, and with more accurate engineering that should be possible after hard test data on the
proposed feedstock are available.

Severd cases were dso tested using corn stover as the feedstock. [If this feedstock were used, capita
cost could be reduced to $20 million because the stover is richer in fermentable carbohydrates than is
CGT, and the pretreetment and fermentation sections would be significantly smdler than in the Base
Case. However, the cost of the feedstock would be higher, and the solids, because of their lower
protein content, would have to be burned or sold as boiler fuel. The capitd charge case cost of ethanol
from corn stover would therefore rise to about $1.78 per gdlon, far too codtly to be of interest in
today's ethanol market.

Work Element 5: Financial Analysis and Sensitivities

The square case economics for the use of CGT to produce ethanol were very promising, but not
definitive for the envisoned commercid implementation of SWAN's biomass-to-ethanol technology.
Work eement 5 was the generation, utilizing the process configuration derived in Work Element 4, of a
pro forma financid andyds for the project, and the examination of the sengtivity of tha andyds to
changes in various parameters.

During the course of this study discussions were held between High Plains and a third party regarding
the possible purchase of the Portdes facility by that third party. Asis shown below, the availability of
the Small Producer Tax Credit (SPTC) to the third party (and not to High Plains) makes ownership of
the facility by the third party more profitable to that third party than it is to High Plains. The ownership
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of the facility by an entity that could capture the benefits of the SPTC therefore became the Base Case
for thisWork Element, with the continued ownership by High Plains trested as a sengtivity.

The financid andysis shows that the proposed modifications would offer excellent rates of return on
invested capitd. For 100% equity financing, the DCF-ROI would be 23.5% on the initid investment,
and the NPV12 would be $18 million.

This Base Case financid analys's assumes the capture of a small producer tax credit (SPTC) that would
likely be avalable for a purchaser of the facility, and continuation of blending and sdes tax credits a a
reduced leve (from the dtate) after the expiration of the current Federa tax subsidy in 2007. High
Plains Ethanol's production is too large to qudify for the smadl producer tax credit, however.

For dl pro forma evduations inflation is projected at 3.5% annudly, and a tax rate of 38% is used.
Sudaining investment is made annually at aleve of 1% of the initid capitd for years 2 though 13 of the
15-year project life. Depreciaion is caculated on a 10-year double declining baance/straight-line
(DDB/SL) basis. For dl of the cases presented it is assumed that no initid investment in working capita
is made because the converted facility is expected to aosorb the working capital of the pre-existing one.
This |last assumption is very conservative, because the feedstock cost for the converted facility will be
an order of magnitude less than for the facility operating on grain.

Congtruction in each case takes one year, and, athough not reflected in the economics presented, the
facility will continue to operate on grain for most of the time during the construction period. Personnd
currently operating the facility will
be trained for operaion of the

Table3 converted facility. Startup costs
ae st a 4% of the initid fixed
Financial Sensitivities caoitd.  Seventy five percent of
From Portales Base Case the nameplate capecity is expected
during the firg full year of
operation.

Variable Changein Change | Ethanol product in each evaluation
Variable InROI,% | issold a $1.10 per gdlon, plant
gae, in year 2000 dollars, asit is

Feedstock cost + $5/ton -3 from the unmodified plant.
Byproduct solids vaue -10% -2 Coproduct solids are sold at
No tax credit after 2007 | -$0.54/gal EtOH -2 $0.20 per pound of contained
No SPTC -$0.10/gal EtOH -4 protein, reflecting their vaue as
Debi/Equity, cost of debt | _50/50, 10% 12| animd fead andlogousto Distllers
S0/50. 15% 10 Dried Grain: ar_1d. Solubles
70/30’ 0% 14 (DDGS). Acic acid is dso sold
: as aminor byproduct at $0.17 per

pound. Sdes, adminidrative and
research (SAR) cogts are included as 1% of revenue.
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The sengtivity of the base
case rate of return to financid
assumptions  is  shown in
Table 3. The Base Case
return on investment of 23%
fdls by less than 5% for
reesonable  increasss  in
feedstock cost, decreases in
coproduct solids vaue, or
loss of tax credits
Borrowing 50 to 70% of the
initid capital at today's rates
of interes will increase the
owner's return on investment
by at least 10%.

Cash flow for the converted
fecility is expected to be
sgnificant, with attractive Net
Present Vadues a a 12%

Table4

Cash Flow Sensitivities
From Portales Base Case

Feedstock Pct. Equity, SPTC NPV 12,
Quality Cost of Debt, Pct. SMM

100, 0 Yes 18

Base Cas(Low) 100, O No 12
50, 10 Yes 21

50, 10 No 14

100, 0 No 17

High 50, 10 Yes 29

50, 10 No 20

discount rate. A 12% discount rate was felt to be gppropriate for the ethanol production industry.
Table 4 shows that for the Base Case feedstock andysis, the NPV1. is about $18 million if the amdl

producer tax credit is
available, and around $14
million if it is not. For
feedstock richer in cdlulose,
the NPV12 is about $7 million
higher than for the Base Case
anaysis feedstock.

Futher andyss of the
sengtivity of  the  finencd
reults to vaiations in the
financid parametersis given by
Figures 3 though 6. Figures 3
and 4 show the impacts of
ethanol  value, feedstock
qudity, debt financing and the
SPTC on the project DCF-
ROI. Two bands are shown
on each plot, one for no
borrowing  (100%  equity

Impact of Ethanol Price on Project Profitability

Figure 3

Return on vestment, 9%

;1 Lavel of Debt = 50% i |
Cost of Debit =10% _.__.--'"" o
.ll.r_'l = : - " e
o 7 il _F‘__'_-\.f".g::_‘:_-'i__;
a0 F o - il _,_,_,—ﬂ'_-::-l::‘w_.;_,_'.-r

E
A s v cith -shioevs fabe
U 1 1 1 1 1 1 1 1
07 o8 08 : 11 12 13 14

Ethanol Price, § Per Galon

financing) and one using 50% debt at 10% interest. The bottom of the band shows results for the Base
Case (low) quality feedstock, and the upper limit of the band shows results for high qudity feedstock
(higher cellulose content).  The x-axis shows ethanol vaues from $0.70/gdlon to $1.40/gdlon in year
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2000; current ethanol value at Portdes is $1.10/gdlon. Figure 3 shows results including the small

Figure 4

Impact of Ethanol Price on Project Profitability

Mo Small Preducer Tax Credit
Return on Investrmeant, %

. Level of Debt = 50% | e -
el Ciost of Debt = 10% | e

El  100% Equity

o7 08 09 1 11 12 13 14
Ethanal Price, § Per Gallan

feedstock owners are willing to
enter into long-term contracts to
supply cotton gin waste for zero
cost. The materid is a disposa
problem for the gin operators at the
present time. There is a least four
times as much feedstock produced L
anudly in the Portaes area than is .
needed, without congderation of the ag | -
exiding large piles of CGT a each
of the cotton processing plants. It
seems likely that feedstock supply
will be secured at low cogt.

Return on Investment, %

Best Estimate
Faadstack Frica

Transporiatian adds 51157 ta planl caste

producer tax credit, and Figure 4
presents the results without that
credit. The conclusion suggested by
these figures is that the proposed
modifications ae financidly
atractive over dl known predictions
for the vdue of ehanol in the
marketplace.

Figure 5 on the following pege
illudtrates the impact that changes in
feedstock price have on the DCF-
ROI of the converted facility.

Although some payment to the
suppliers of the feedstock might be
possible, that payment could only be
a smdl one. As discussed under
Work Element 1 results above, the

Figure 5

Impact of Feedstock Price on Project Profitability
Effect of Small Producer Tax Credit, 100% Equity Basis

Ares wiih showe range of heackatock analyses
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ﬂ L
Figure 6 shows the impact of solid
coproduct value on the DCF-ROI; oL :
the vaues shown are between the 5 -0
Figure &

Impact of Solids Value on Project Profitability

Effect of Small Producer Tax Credit, 100% Equity

Return cn ivestment, % Area width shows rangs of fesdstoch anabyses
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Walued as fusl
at S1Mdak Biu

With SPTC

Walued as
aningl feed | —
iBase Case)

solids vadue as a boiler fud, and the
vaue as animd feed. The vaue as
boiler fue is assumed to be equd to
thet of low-BTU cod, $1 per million
Btus. This vduation does not take
credit for the vduable low sulfur
content of the coproduct solids, nor
take the credit for the very low boiler




fouling qudlities of the coproduct solid when used as afud. Most biomass-based solid fuels suffer from
high levels of fouling compounds, but the ethanol process removes most of these compounds from the
solid coproduct. While the solid coproduct may not dways be saable for the full protein value assumed
in the Base Case, Figure 6 shows that lower saes prices will reduce the DCF-ROI, but not diminate it.
With the SPTC, the ROI gets no lower than about 9%, even if the solids are sold for fud.

The effect of acetic acid value was a0 evauated. Even at an unlikely acid value of zero, the Base
Case DCF-ROI only fals5%. Acetic acid istruly aminor byproduct.
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Conclusions

This project has successfully identified a biomass feedstock in the Portales, NM area that could be used
to manufacture ethanol at a cost significantly below current costs using milo as afeedstock. CGT isonly
modestly rich in carbohydrates, but is avalable in large quantities for the cost of hauling it to the ethanol
plant.

SWAN Biomass and Wesetherly Engineering developed a Base Case design for the modifications
needed by High Plains Portaes facility. The modifications would cogt about $30 million in initia capitd,
with mogt of the expense related to addition of the SWAN pretreatment reactor and three large SSF
tanks. Other changes include additions to the solids handling equipment, the didtillation train, the solids
separation equipment and some of the utilities. This capita codt is viewed as conservative because it
condders dl new equipment (High Plains has a history of buying used equipment, and suitable used
equipment is likely available), the new anaerobic digestion proposed for ingtdlation prior to sending
wadtewater to municipal treating facilities may not be necessary, and there is a large contingency
included in the total codt.

The economic outlook for the modified plant is excdlent. The Base Case rate of return is 23.5%, and
the net present vadue a a 12% discount rate would be $18 million.  Senstivity andyss shows that
increases in celulase enzyme or feedstock costs would sgnificantly cut into the profits, but the
modifications would ill be judtified financidly. The Base Case assumes that the unreacted solids can
be sold as an animd feed component, but even if the solid product is sold as a solid fud, the project is
dill atractive. Therate of return on invested capital would increase sgnificantly if part of the capitd can
be borrowed for construction at today’ sinterest rates.

The economics of converting other types of biomass feedstocks available in the Portales area to ethanol
do not appear to be attractive because of the expected cost of the feedstocks.

All of the partners in this project believe that even if High Plains sdls the Portdes facility, the new

owners would be interested in making the plant more profitable, and the best way to do so appears to
be to avoid the high cost of starch-rich feedstocks.
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Recommendations

Modification of the Portales facility to utilize cotton gin trash feedstock appears to offer atractive
financid returns under dmogt dl reasonable circumgatances. The following actions are needed before
High Plains (or any facility owner) can be expected to proceed with project implementation.

The mgor need prior to engineering design of the modifications is for operating data using the SWAN
process technology and cotton gin trash feedstock.

A second important study would be to determine possible variations in the composition of cotton gin
trash. Different varieties of cotton, gin location, time of year, and freshness of the gin waste are dl
important variables that could affect the feedstock compasition, and therefore ethanol yield.

Once hard data on the behavior of the feedstock in the proposed process are in hand, engineering
design can focus on more precise estimates of capital cods.

The market for solid coproduct must aso be confirmed. Feedlot tests may be necessary to etablish a
red vadue for the materid.
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Item No.

B101
B102
C101AB,CD
C102
C104 A&B
C105
C106
C107
C108
C109
C110
Cl11
C112
C113
Cl114
C115
E102

E104

E105

E107 A&B
E108 A,B,C,D,E
E109

E110

E112

E113

El14

E115

E116 A&B
E117

E118

E119

E121

E123

E126

E127

E129

E210

Table 2
EXISTING EQUIPMENT

Description

North Boiler

South Boiler

Grain Storage Fans

Hammer Mill Fan

Ethanol Blowers

1% Stage Vapor Compressor
2" Stage VVapor Compressor
Dust Collection Fan

Reverse Air Fan

Pdllet Cooler Blower

DDG Reverse Air Fan

Grain Dugt Transfer Fan
Reverse Air Dugt Fan

Ducon Scrubber Fan

Milled Grain Bin Fan

Grain Receiving Scaper Fan
Cook Hydroheater

Beer dill Economizer #1
Prefermentation Cooler #1
Propagation Coolers
Fermenter Coolers

Beer Still Preheater

Absorber Preheater
Regeneration Gas Condenser
Evaporator and Beer Still Reflux Condenser
Evaporator and Anhydrous Ethanol Condenser
Vapor Compression Exchanger
Feed/Condensate Exchanger
Ethanol Product Cooler

Beer Still Vent Condenser
Anhydrous Ethanol Vent Condenser
#2 Flash Condenser
Regeneration Gas Superhesater
CO. Blower After Cooler

CO2 Scrubber Water Chiller
E115 Vent Condenser

140 Proof Heat Exchanger
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Status

Exiging
Exiding
Exiding
Exiding
Exiging
Exiding
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging



Item No.

E211

F102

F103

H101
M101
M102
M103
M104
M105A&B
M106

M109 A,B,CD,E

M110
M111
M112
M114 A&B
M115

M116 A,B,C,.D

M118 A&B
M118 D
M122
M123
M124
M125
M126
M128
M130 A&B
M131

M 205

M 206
M207
M208
MH101
MH102 A&B
MH103
MH104 A&B
MH105
MH106
MH107
Item No.

Table2

EXISTING EQUIPMENT

Description

Cook Condensate Exchanger
Centrifuge

Ethanol Load Out Filter

DDG Dryer

Mix Vessd Agitator

Primary Liquid Vessd Agitator
Cook Vessd Agitator

Secondary Liquid Vessd Agitator
Propagator Agitators

Secondary Liquid Vacuum System
Fermenter Agitator

Beer well Agitator

Centrifuge Feed Tank Agitator
Water Softener Package

Boiler Chemica Treatment Package
Cooling Water Treating Package
Cooling Tower

Ingersoll Rand Air Compressor
Atlas Copco Air Compressor
Process Water Agitator

Lime Injection Package

Alpha Amylase Injection Package
Gluco Amylase Injection Package
Sulfuric Acid Injection Package
Ethanol Vapor Recovery System
Instrument Air Dryer Package
Chlorine Injection Package
Ethanol Loadout Package

Thin Stillage Agitator

Inside Syrup Tank Agitator

DDG Fan Package

Grain Unloading Conveyor

Grain Scapers

Whole Grain Leg

Silo Conveyors

Hammer Mill Feed Elevator
Hammer Mill Rotary Feeder
Hammer Mill

Description
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Status

Exiding
Exiging
Exiding
Exiding
Exiding
Exiging
Exiding
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiding
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Status



Table 2
EXISTING EQUIPMENT

MH111 Dryer Feed Blender Exiding
MH112 Dryer Feed Conveyor Exiding
MH114 Recycle Control Rotary Lock Exiging
MH115 Recycle Conveyor Exiding
MH116 Wet cake Exit Conveyor Exiding
MH117 DDG Peddle Drag Conveyor Exiding
MH118 White Silo Elevator Exiging
MH119 White Silo Unloading Elevator Exiding
MH120 Wet Cake Conveyor to Loadout Exiging
MH121 Wet Cake Loadout Conveyor Exiging
MH124 DDG Recycle Conveyor to MH115 Exiging
MH126 Milled Grain Elevator Exiging
MH128 Grain Dugt Collection System Exiding
MH129 A,B,C Dryer Exit Conveyors Exiging
MH130 Feed Transfer Conveyor Exiging
MH131 Centrifuge Cake Conveyor Exiging
MH132 Dust Collection Rotary Feeder Exiding
MH134 Grain Dug Filter Exiding
MH135 Scaper Fines Hammer Mill Exiging
MH136 DDG Storage Conveyor Exiging
MH138 Wet cake Reclaim Blender Exiging
MH139 Wet cake Reclam Conveyor Exiging
P101 A&B Primary Liquid Pumps Exiging
P102 A&B Secondary Liquid Pumps Exiging
P105 A&B Cook Condensate Pumps Exiding
P108 Gluco Trandfer Pumps Exiging
P110 A&B Cook Vacuum Pumps Exiging
P113 A&B Propagator Pumps Exiging
P114 A,B,C,D,E Fermenter Pumps Exiding
P115 A&B Beer well Pumps Exiding
P116 A&B CO:2 Scrubber Pumps Exiging
P117 A&B Hot Stillage Pumps Exiging
P118 A&B Recovered Water Pumps Exiding
P119 Fusd Qil Extractor Pump Exiging
P120 A&B E113 Feed Pumps Exiding
P121 A&B Purge Recovery Pumps Exiging
P122 A&B Regeneration Vacuum Pumps Exiding
P123 A&B Bear Siill Reflux Pumps Exiding
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Item No.

P126 A&B
P127 A&B
P128 A&B
P129

P130

P131

P132 A,B,C
P133

P134

P135

P136

P137 A&B
P138 A&B
P139 A&B
P139 C
P139 D
P140

P141

P143 A&B
P144

P145

P147

P148 A&B
P149 A&B
P150

P151

P152 A&B
P153
P153C
P154

P155 A&B
P156 A&B
P157

P158

P159

P160 A&B
P161

P162

Item No.

Table 2
EXISTING EQUIPMENT

Description

Thin Stillage Pumps

E113 Recirculation Pumps
E114 Recirculation Pumps
E115 Recirculaion Pump
E115 Recirculaion Pump
E115 Recirculaion Pump
Syrup Pumps

Ethanol Surge Pump
Denaturant Pump

Ethanol Loading Pump
Fusd Oil Pump

Boiler Feedwater Pumps
Cooling Water Pumps
Sump Pumps

Stillage Sump Pump
Holding Pond Pump

Wash Water Pump

Waste Water Pump
Process Water Pump
Ethanol Rerun Pump
Caudtic Transfer Pump
3% Caugtic Pump
Condensate Return Pumps
Evaporator Syrup Pumps
Evaporator Vacuum Pump
E129 Condensate Pump
Soft Water Pumps
Denaurant Unloading Pump
City Water Pump

Fire Water Pump

Centrate Pump

Chilled Water Pump

Fire Water Jockey Pump
C105 Drain Pump

C106 Drain Pump

Cooling Weater Tregtment Pumps

CO:2 Knock Out Pump
Sulfamic Pump
Description
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Status

Exiding
Exiging
Exiding
Exiding
Exiding
Exiging
Exiding
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiding
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Exiging
Exiding
Exiding
Exiging
Status



Table 2
EXISTING EQUIPMENT

P166 Weigh Scale Pump Exiding
P202 Bulk Gluco Pump Exiding
P203 Bulk Alpha Pump Exiging
P204 Loaf Tank Pump Exiding
P207 SAC Tank Pump Exiding
T101 Grain Receiving Building Exiding
T102 A&B Gran Slo Exiging
T103 Hammer Mill Feed Bin Exiding
T104 Milled Grain Storage Bin Exiging
T105 White Slo Exiding
T107 Sulfamic Tank Exiging
T108 Gluco Amylase Tank Exiging
T109 A,B,C,D,E Fermenters Exiging
T110 Beer Well Exiding
T111 Centrifuge Feed Tank Exiging
T112 Evaporator Feed Tank Exiging
T113A,B,CD Syrup Tanks Exiging
T114 A&B Ethanol Surge Tank Exiding
T115 Denaturant Tank Exiging
T116 A&B Ethanol Storage Tanks Exiging
T117 Fusd Oil Storage Tank Exiding
T119 Wash Water Tank Exiding
T120 Waste Water Tank Exiging
T121 Process Sump Exiging
T122 Process Water Tank Exiding
T123 Ethanol Rerun Tank Exiding
T124 Caudtic Storage Tank Exiging
T125 Caugtic Wash Tank Exiding
T126 Softened Water Tank Exiging
T127 Fire Water Tank Exiding
T128 Sca per Fines Hopper Exiging
T130 A&B Betz Chemicd Tank Exiding
T131 Sulfuric Acid Tank Exiding
T132 Bulk Gluco Tank Exiding
T133 Bulk Alpha Tank Exiging
T134 Loaf Tank Exiding
T135 SAC Tank Exiding
V101 Cook Mix Vessl Exiding
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Table 2
EXISTING EQUIPMENT

Item No. Description Status

V104 Secondary Liquid Vess Exiging
V105 A&B Propagators Exiging
V108 CO2 Scrubber Exiding
V109 Beer Stll Exiding
V110 Weater Concentration Column Exiding
V112 AB,C Adsorber Exiging
V113 140 Proof Vessdl Exiding
V114 E113 Vapor Drum Exiding
V115 E114 Vapor Drum Exiding
V116 E115 Vapor Drum Exiging
V117 Badance VesHd Exiging
V118 C105 Suction Separator Exiging
V119 C106 Suction Separator Exiging
V120 Hot Condensate Drum Exiging
V121 Deagerator Exiding
V123 Regeneration Vacuum Pump Separator Exiding
V124 Blowdown Drum Exiding
V125 Centrate Vessel Exiging
V126 CO2 Knock Out Drum Exiging
V127 Ber Still Reflux Drum Exiding
V128 Anhydrous Ethanol Drum Exiding
V129 Evaporator Condensate Drum Exiging
V130 DDG Dryer Vapor Drum Exiging
V131 Evaporator Vacuum Pump K.O. Drum Exiding
V132 Air Receiver Exiding
V133 Anhydrous Ammonia Tank Exiging
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APPENDIX A

STATEMENT OF WORK
BUILDING A BRIDGE TO THE CORN ETHANOL INDUSTRY

July 27,1998

1.0 INTRODUCTION

The Biofuels Program at the National Renewable Energy Laboratory (NREL), under guidance from the
Depatment of Energy's (DOE) Office of Fuels Deveopment (OFD), is working to facilitate the
commercidization of lignocdlulosic biomass, i.e. corn fiber, corn stalks, and wood to ethanol for use as
atrangportation fued. OFD's ultimate vison is the large-scale production of ethanol from biomass to
serve the nation's trangportation needs.

To make this vison a redity, OFD supports research of process technologies, feasbility studies, and
related commercidization activities by nationa laboratories, universties, private industry, research
foundations, and other government entities. In addition to technicad achievement, substantial market
development must also occur with the expectation that industry leaders will emerge as the route to
commercidization is dlarified.

Building the Bridge

OFD recognizes the leadership potentiad of the existing grain processing industry. Their resources and
experience provide the grain processing industry with the ability to lead commercidization of biomass to
sugars and ethanol. The grain processing industry is the largest contributor to current ethanol and sugar
production. To better determine the commercidization posshilities for the industry, Ste-specific
engineering feasbility studies are desired. NREL will fund up to 80% of the feasbility study cost. Cost
sharing can be in-kind expenses of the offer.

Recent feasbility studies for the production of sugars and ethanol from biomass at Greenfidd sites have
shown that capitd expenditures contribute a large fraction of the cost, and must be reduced if the
converson process is to be economicdly viable in the near term. Adding on to an existing ethanol plant
or other site with compatible processes may reduce capital and operating cost. Roads, utilities other
process and operationd infrastructure may be able to support increased operations and reduce the cost
of sugar and ethanol production. Increased process utilization may aso be possible. For example, wet
millers ethanol production equipment is often idle during the summer to meet sweetener requirements for
beverage customers.

Some process equipment modifications may be required for biomass converson.  Equipment

modifications are often expensed rather than capitdized. Expensing codts for equipment modification
may be a more favorable approach to financing a biomass converson facility.
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Process Technology

Individual companies may not have access to lignocdlulosic biomass converson technology. To
address this need and facilitate interest NREL will supply a description of process technology including
process flow diagrams, material and energy balances, and equipment list. Information includes the
performance of cdlulose hydrolysis and hexose and pentose fermentations. Alternatively, respondents
may use independent technology for their economic evauation. This solicitation isintended to help
qudify respondents to evauate the potentid of the converson technology not to assess the vaue of any
particular process technology.

The feashility study can assume cdlulase enzyme cost on a per gdlon of ethanol produced basis utilizing
arange of costs from 5¢ to 45¢ per gdlon of ethanol. On ste cdlulase production technology can be
utilized if available to the proposer.

Raw Materids

Biomass feedstocks comprise one of the largest sustainable resources on earth. They are produced in
quantity from agricultural and forestry activities, and are largely congdered to be resdue and waste.
Locating a biomass converson facility close to the feedstock can minimize the cost of trangporting the
materids. Facilities that produce their own biomass materids and are in the area of crop production
aready have accessto low-cost biomass feedstocks.

Grain processing Sites are located near grain and agriculturd resdues. Wheet straw is the single largest
agricultural resdue. Mogt grasses, hays, and straws have cdlular structures smilar to wheet straw, o a
converson technology that will work with wheat straw will dso work with these other potentia
feedstocks.

Processng starch to ethanol produces corn fiber and spent grain, which are sold for animd feed
because of ther protein and fiber contents. Anima feed markets and vaue have been in decline, and
other outlets for the corn fiber are desired. One possible use for corn fiber is conversion to ethanal.

In 1997 NREL performed an assessment of agriculturd residue for feedstock. Sustainable wheat straw
collection estimates are between 60 and 120 million tons per year, equivdent to at least 5 billion gdlons
of ethanol and possbly as much as 12 hillion galons per year. Cog per dry ton ddivered to the
processor was $32/dry ton for 50,000 acres contracted by a custom harvester for the '97-'98 crop
year. The successful operation is being expanded to 100,000 acres this year. Productivity
improvements are expected to reduce the cogts to less than $30/dry ton, or about 35¢/gallon ethanal.
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Cdlulase Enzymes

The costs of cdlulase enzymes are dso important to the commercid viability of a biomass converson
fecility. In 1997 NREL performed an assessment of cellulase enzymes utilizing worldwide industry and
academiainput. The consensus position captured by the assessment showed cellulase enzyme costs can
be lowered 5 to 10 fold by using proven biotechnology tools, reducing the cdllulase enzyme cost from
45¢ to 5¢ per gdlon ethanol. NREL is working with industry, universities, and other nationd labs to
facilitate this cost reduction.

Purpose
The gods of thisproject are:

Provide the grain processing industry the opportunity to explore the business potentia provided by
converting biomass to sugars via hydrolysis and fermentation to products such as ethanal.

Take advantage of the grain-processng infrastructure by investigating the co-location of biomass
converson facllities a exidting plant sites.

Obtain feedback from the grain processing industry to guide the research and development activities
for biomass converson commercidization.

Scope

The subcontractor will develop a feashility study for a biomass converson facility co-located at an
exiging grain processing facility to evauate the business opportunity. Thisfacility will hydrolyze biomass
to sugars and ferment the sugars to products, including ethanol. The feasibility study will consst of the
tasks outlined in section 3.0.

2.0 OBJECTIVES

The technica objectives of the work are designed to evauate the business opportunity for lignocdlulosic
biomass converson for a specific processng ste.  Additiondly, the information generated should
provide an overdl perspective to the grain processing industry on biomass converson. This should
dlow the subcontractor to provide the Biofuds Program's Ethanol Project feedback on actions to
improve the business opportunity.

Specify a process flow diagram and utility requirements for the biomass converson facility.

Identify typica capita equipment located at an extant grain-processing Ste; determine its availability
and necessary modifications for use by a co-located biomass conversion facility.
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Identify additiona infrastructure requirements of a co-located biomass conversion facility.

Determine the production capacity of a co-located biomass conversion facility.

Determine equipment needs for a co-located biomass conversion facility.

Produce a Pro forma and perform sengtivity analysis on the effects of added capacity, capita

required, cellulase enzyme, and feedstock cost on the production costs of sugars and ethanal.
3.0TASK SPECIFICATIONS

The subcontractor shal assemble ateam with the expertise to address these tasks in some detail. NREL
will provide technica support to the project (see task for details).

Task 1 Feedstock Description
Describe the types of feedstocks to be used. This description should include:

Percentage of each feedstock

Tota sugar content/lignin content/ash content

Estimate of feedstock cost.
NREL will provide access to wheat straw and agricultura residue collection, storage, and harvesting
models on request. Also, NREL will provide totd carbohydrate, lignin, and ash percentages for whesat
straw and corn fiber.

Task 2 Facility Description

Subtask 2.1 The subcontractor shal supply specifications about the grain processing facility as they
relate to the proposed biomass conversion facility.

Facility production capacity (annuad sugar and ethanol production).
Site description
Infrastructure description (utilities, water, waste disposd, roads, rail)

Size, required modifications, production parameters, and availability of capitd equipment and
infragtructure that will be shared.

Subtask 2.1 The subcontractor shall specify process related requirements for the biomass conversion
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fadlity . These shdl include
Minimum feedstocks supply quantities and expected qudity mix
Ethanol production rate in gal/day and solid by-product rate
Environmenta emisson characterigtics, in terms of quantity emitted per ton of feedstock processed
Arearequirements (acres) and preferred shape
Utility and chemica requirements (water, steam, fudl, power, chemicals)
Specid trangportation requirements (truck, water, rail line)
Specia storage requirements for feedstock, by-products, and chemicals.
NREL will supply feedstock composition, process technology for hydrolysis and hexose, pentose
fermentation, flow diagrams, materid and energy baance, equipment list, and operating parameters
for atypica biomass converson facility upon request.
Cdlulase production is not required.

Other available process technology may be used.

Subtask 2.3 The subcontractor shall develop capital and operating costs based on process
considerations.

The subcontractor shdl provide annuaized capital and operating cogs for the idand of process
equipment (exclusive of ste-gpecific costs) for a biomass conversion facility sized to fit the congiraints of
the exidting facility, and shall define feedstock quality and cost assumptions used in the andysis.

Task 3 Capital and Operating Cost Refinement
The subcontractor shall review and refine the capital and operating costs defined in Subtask 2.3. The

subcontractor shall provide a list of mgjor process equipment specifications and prepare a capita cost
estimate accounting for direct and indirect costs. An example of direct and indirect cogs follows:

Direct Costs Indirect Costs

Site Work Congtruction Indirects
Concrete Work Startup

Structural Steel Condtruction Management
Equipment Engineering

Fiping Contingency

Electricd Environmenta Permitting
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Buildings Insurance
Instrumentation Taxes
Insulation/Piping Pant Closure

It is anticipated that the estimating effort shal lead to a capital cost estimate with an accuracy of + 30%.
The subcontractor shal prepare an operating cost estimate based on the anticipated specific operating
costs at the preferred Site.,

Task 4 Financial Pro Forma Preparation

The subcontractor shal prepare a financia Pro Forma for the construction and long-term operation of
the biomass converson facility. All assumptions in the Pro Forma shdl be clearly identified and a
rationale given for each assumption. The Pro Forma shal be prepared for 10 years of plant operation.
The financid evaduation shal incorporate the Ste-specific capita, equipment modifications, startup codt,
and operating codts as determined in Task 3 and shall determine the feedstock cost and the market
vaue of the ethanol and other possible by-products that provide for a financidly attractive return on

equity.

Task 5 Senditivity Analysis

A senstivity andyss shdl be performed for varying ethanol prices and capacity-added capitd required
feedstock costs, ethanal yield, and cellulase cost. The subcontractor shal provide anticipated best and
worgt case scenarios based on the sengtivity anadysis. The projected profit over 10 years per gallon of
ethanol shdl be included in the Pro Forma

Task 6 Monthly Status Reports

The subcontractor shal submit monthly status reportsin letter form summarizing the progress of Task 1
to Task 5, during the previous month.

Task 7 Final Report
The subcontractor shal submit afina report that contains an executive summary, asynopssof Task 1 -

Task 5 results, conclusions, and recommendations for further work.

4.0 DELIVERABLES

DELIVERABLES

# | DESCRIPTION

Task 1. And 2. Biomass conversion plant size, and equipment and infrastructure reguirements

1
2 | Task 3. Capita and operating cost refinement
3 | Task 4. Financia Pro Forma
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Task 5. Sengtivity andysis

Task 6. Monthly status reports

oo~

Task 7. Final report

Copies of dl deiverables shal be sent to the Technicd Monitor and the Subcontract Adminigtrator as
follows

Origina Copy to the Technicad Monitor:
National Renewable Energy Laboratory
Attn: Art Wisdlogd, MS 1634
1617 Cole Boulevard
Golden. CO 80401-3393
One Copy to the Subcontract Administrator:
Nationa Renewable Energy Laboratory
Attn: John W. Enoch, Jr., MS 1632
1617 Cole Boulevard
Golden, CO 80401-3393
5.0 PERIOD OF PERFORMANCE

The period of performance for the proposed work shall not exceed 9 months.
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Salections from Project Monthly Reports (Feedstock Composition)

December 15, 1999
To: Art Wisdoge

Subject: July 1999 Monthly Report
Subcontract No. ZXE-8-18080-06

Additiona andytica results on the cotton gin trash were received from Axion Andyticd in July.
Some of the results seem quite different from vaues reported in the literature, and repests of
severa of the analyses were requested.

R.E. Lumpkin
Principle Investigator
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December 15, 1999
To: Robert Wooley

Subject: August 1999 Monthly Report
Subcontract No. ZXE-8-18080-06

Fina andytical results were reported for cotton gin trash late in August. The compostion of this
materid isgiven below. All numbers are on adry basis, unless specified otherwise:

89.39% biomass (12.61% moisture)
41.6% carbon, 4.9% hydrogen, 1.15% nitrogen, 32.2% oxygen
0.85% fat
1.23% starch
2.52% acetic cid
Lignin—Klaison 35.77%, 38.32%
Acid Soluble 1.83%, 1.95%
Totd ash 8.79%
Soluble ash 4.41%
22.08%, 24.74% total glucose, 1.30% soluble glucose
10.89%, 10.37% total xylose, 6.86% soluble xylose
1.49%, 1.49% total arabinose, 1.56% soluble arabinose
1.53%, 1.48% total galactose, 1.57% soluble galactose
No measurable mannose
{Ed. Note: The values below are presented for a moisture-containing sample}
Cr, Co, Ni, Cu, Mo, Pb were absent or in amounts too low to measure.
371 ppm Na, 228 ppm Mg, 3207 ppm Al, 16,517 ppm K, 8914 ppm Ca, 138 ppm Ti, 33
ppm Mn, 1477 ppm Fe, 14 ppm Zn, 93 ppm Sr, 22,459 ppm S, 1136 ppm P

R.E. Lumpkin
Principle Investigator
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APPENDIX A

STATEMENT OF WORK
BUILDING A BRIDGE TO THE CORN ETHANOL INDUSTRY

July 27,1998

1.0 INTRODUCTION

The Biofuels Program at the National Renewable Energy Laboratory (NREL), under guidance from the
Depatment of Energy's (DOE) Office of Fuels Deveopment (OFD), is working to facilitate the
commercidization of lignocdlulosic biomass, i.e. corn fiber, corn stalks, and wood to ethanol for use as
atrangportation fued. OFD's ultimate vison is the large-scale production of ethanol from biomass to
serve the nation's trangportation needs.

To make this vison a redity, OFD supports research of process technologies, feasbility studies, and
related commercidization activities by nationa laboratories, universties, private industry, research
foundations, and other government entities. In addition to technicad achievement, substantial market
development must also occur with the expectation that industry leaders will emerge as the route to
commercidization is dlarified.

Building the Bridge

OFD recognizes the leadership potentiad of the existing grain processing industry. Their resources and
experience provide the grain processing industry with the ability to lead commercidization of biomass to
sugars and ethanol. The grain processing industry is the largest contributor to current ethanol and sugar
production. To better determine the commercidization posshilities for the industry, Ste-specific
engineering feasbility studies are desired. NREL will fund up to 80% of the feasbility study cost. Cost
sharing can be in-kind expenses of the offer.

Recent feasbility studies for the production of sugars and ethanol from biomass at Greenfidd sites have
shown that capitd expenditures contribute a large fraction of the cost, and must be reduced if the
converson process is to be economicdly viable in the near term. Adding on to an existing ethanol plant
or other site with compatible processes may reduce capital and operating cost. Roads, utilities other
process and operationd infrastructure may be able to support increased operations and reduce the cost
of sugar and ethanol production. Increased process utilization may aso be possible. For example, wet
millers ethanol production equipment is often idle during the summer to meet sweetener requirements for
beverage customers.

Some process equipment modifications may be required for biomass converson.  Equipment

modifications are often expensed rather than capitdized. Expensing codts for equipment modification
may be a more favorable approach to financing a biomass converson facility.

A-1



APPENDIX A

Process Technology

Individual companies may not have access to lignocdlulosic biomass converson technology. To
address this need and facilitate interest NREL will supply a description of process technology including
process flow diagrams, material and energy balances, and equipment list. Information includes the
performance of cdlulose hydrolysis and hexose and pentose fermentations. Alternatively, respondents
may use independent technology for their economic evauation. This solicitation isintended to help
qudify respondents to evauate the potentid of the converson technology not to assess the vaue of any
particular process technology.

The feashility study can assume cdlulase enzyme cost on a per gdlon of ethanol produced basis utilizing
arange of costs from 5¢ to 45¢ per gdlon of ethanol. On ste cdlulase production technology can be
utilized if available to the proposer.

Raw Materids

Biomass feedstocks comprise one of the largest sustainable resources on earth. They are produced in
quantity from agricultural and forestry activities, and are largely congdered to be resdue and waste.
Locating a biomass converson facility close to the feedstock can minimize the cost of trangporting the
materids. Facilities that produce their own biomass materids and are in the area of crop production
aready have accessto low-cost biomass feedstocks.

Grain processing Sites are located near grain and agriculturd resdues. Wheet straw is the single largest
agricultural resdue. Mogt grasses, hays, and straws have cdlular structures smilar to wheet straw, o a
converson technology that will work with wheat straw will dso work with these other potentia
feedstocks.

Processng starch to ethanol produces corn fiber and spent grain, which are sold for animd feed
because of ther protein and fiber contents. Anima feed markets and vaue have been in decline, and
other outlets for the corn fiber are desired. One possible use for corn fiber is conversion to ethanal.

In 1997 NREL performed an assessment of agriculturd residue for feedstock. Sustainable wheat straw
collection estimates are between 60 and 120 million tons per year, equivdent to at least 5 billion gdlons
of ethanol and possbly as much as 12 hillion galons per year. Cog per dry ton ddivered to the
processor was $32/dry ton for 50,000 acres contracted by a custom harvester for the '97-'98 crop
year. The successful operation is being expanded to 100,000 acres this year. Productivity
improvements are expected to reduce the cogts to less than $30/dry ton, or about 35¢/gallon ethanal.

A-2



APPENDIX A

Cdlulase Enzymes

The costs of cdlulase enzymes are dso important to the commercid viability of a biomass converson
fecility. In 1997 NREL performed an assessment of cellulase enzymes utilizing worldwide industry and
academiainput. The consensus position captured by the assessment showed cellulase enzyme costs can
be lowered 5 to 10 fold by using proven biotechnology tools, reducing the cdllulase enzyme cost from
45¢ to 5¢ per gdlon ethanol. NREL is working with industry, universities, and other nationd labs to
facilitate this cost reduction.

Purpose
The gods of thisproject are:

Provide the grain processing industry the opportunity to explore the business potentia provided by
converting biomass to sugars via hydrolysis and fermentation to products such as ethanal.

Take advantage of the grain-processng infrastructure by investigating the co-location of biomass
converson facllities a exidting plant sites.

Obtain feedback from the grain processing industry to guide the research and development activities
for biomass converson commercidization.

Scope

The subcontractor will develop a feashility study for a biomass converson facility co-located at an
exiging grain processing facility to evauate the business opportunity. Thisfacility will hydrolyze biomass
to sugars and ferment the sugars to products, including ethanol. The feasibility study will consst of the
tasks outlined in section 3.0.

2.0 OBJECTIVES

The technica objectives of the work are designed to evauate the business opportunity for lignocdlulosic
biomass converson for a specific processng ste.  Additiondly, the information generated should
provide an overdl perspective to the grain processing industry on biomass converson. This should
dlow the subcontractor to provide the Biofuds Program's Ethanol Project feedback on actions to
improve the business opportunity.

Specify a process flow diagram and utility requirements for the biomass converson facility.

Identify typica capita equipment located at an extant grain-processing Ste; determine its availability
and necessary modifications for use by a co-located biomass conversion facility.
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Identify additiona infrastructure requirements of a co-located biomass conversion facility.

Determine the production capacity of a co-located biomass conversion facility.

Determine equipment needs for a co-located biomass conversion facility.

Produce a Pro forma and perform sengtivity analysis on the effects of added capacity, capita

required, cellulase enzyme, and feedstock cost on the production costs of sugars and ethanal.
3.0TASK SPECIFICATIONS

The subcontractor shal assemble ateam with the expertise to address these tasks in some detail. NREL
will provide technica support to the project (see task for details).

Task 1 Feedstock Description
Describe the types of feedstocks to be used. This description should include:

Percentage of each feedstock

Tota sugar content/lignin content/ash content

Estimate of feedstock cost.
NREL will provide access to wheat straw and agricultura residue collection, storage, and harvesting
models on request. Also, NREL will provide totd carbohydrate, lignin, and ash percentages for whesat
straw and corn fiber.

Task 2 Facility Description

Subtask 2.1 The subcontractor shal supply specifications about the grain processing facility as they
relate to the proposed biomass conversion facility.

Facility production capacity (annuad sugar and ethanol production).
Site description
Infrastructure description (utilities, water, waste disposd, roads, rail)

Size, required modifications, production parameters, and availability of capitd equipment and
infragtructure that will be shared.

Subtask 2.1 The subcontractor shall specify process related requirements for the biomass conversion
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fadlity . These shdl include
Minimum feedstocks supply quantities and expected qudity mix
Ethanol production rate in gal/day and solid by-product rate
Environmenta emisson characterigtics, in terms of quantity emitted per ton of feedstock processed
Arearequirements (acres) and preferred shape
Utility and chemica requirements (water, steam, fudl, power, chemicals)
Specid trangportation requirements (truck, water, rail line)
Specia storage requirements for feedstock, by-products, and chemicals.
NREL will supply feedstock composition, process technology for hydrolysis and hexose, pentose
fermentation, flow diagrams, materid and energy baance, equipment list, and operating parameters
for atypica biomass converson facility upon request.
Cdlulase production is not required.

Other available process technology may be used.

Subtask 2.3 The subcontractor shall develop capital and operating costs based on process
considerations.

The subcontractor shdl provide annuaized capital and operating cogs for the idand of process
equipment (exclusive of ste-gpecific costs) for a biomass conversion facility sized to fit the congiraints of
the exidting facility, and shall define feedstock quality and cost assumptions used in the andysis.

Task 3 Capital and Operating Cost Refinement
The subcontractor shall review and refine the capital and operating costs defined in Subtask 2.3. The

subcontractor shall provide a list of mgjor process equipment specifications and prepare a capita cost
estimate accounting for direct and indirect costs. An example of direct and indirect cogs follows:

Direct Costs Indirect Costs

Site Work Congtruction Indirects
Concrete Work Startup

Structural Steel Condtruction Management
Equipment Engineering

Fiping Contingency

Electricd Environmenta Permitting
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Buildings Insurance
Instrumentation Taxes
Insulation/Piping Pant Closure

It is anticipated that the estimating effort shal lead to a capital cost estimate with an accuracy of + 30%.
The subcontractor shal prepare an operating cost estimate based on the anticipated specific operating
costs at the preferred Site.,

Task 4 Financial Pro Forma Preparation

The subcontractor shal prepare a financia Pro Forma for the construction and long-term operation of
the biomass converson facility. All assumptions in the Pro Forma shdl be clearly identified and a
rationale given for each assumption. The Pro Forma shal be prepared for 10 years of plant operation.
The financid evaduation shal incorporate the Ste-specific capita, equipment modifications, startup codt,
and operating codts as determined in Task 3 and shall determine the feedstock cost and the market
vaue of the ethanol and other possible by-products that provide for a financidly attractive return on

equity.

Task 5 Senditivity Analysis

A senstivity andyss shdl be performed for varying ethanol prices and capacity-added capitd required
feedstock costs, ethanal yield, and cellulase cost. The subcontractor shal provide anticipated best and
worgt case scenarios based on the sengtivity anadysis. The projected profit over 10 years per gallon of
ethanol shdl be included in the Pro Forma

Task 6 Monthly Status Reports

The subcontractor shal submit monthly status reportsin letter form summarizing the progress of Task 1
to Task 5, during the previous month.

Task 7 Final Report
The subcontractor shal submit afina report that contains an executive summary, asynopssof Task 1 -

Task 5 results, conclusions, and recommendations for further work.

4.0 DELIVERABLES

DELIVERABLES

# | DESCRIPTION

Task 1. And 2. Biomass conversion plant size, and equipment and infrastructure reguirements

1
2 | Task 3. Capita and operating cost refinement
3 | Task 4. Financia Pro Forma
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Task 5. Sengtivity andysis

Task 6. Monthly status reports

oo~

Task 7. Final report

Copies of dl deiverables shal be sent to the Technicd Monitor and the Subcontract Adminigtrator as
follows

Origina Copy to the Technicad Monitor:
National Renewable Energy Laboratory
Attn: Art Wisdlogd, MS 1634
1617 Cole Boulevard
Golden. CO 80401-3393
One Copy to the Subcontract Administrator:
Nationa Renewable Energy Laboratory
Attn: John W. Enoch, Jr., MS 1632
1617 Cole Boulevard
Golden, CO 80401-3393
5.0 PERIOD OF PERFORMANCE

The period of performance for the proposed work shall not exceed 9 months.
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APPENDIX B

Feedstock Availability Study

Portales, New M exico

April 28, 1999

Presented to:

SWAN Biomass Company

By: Mike Davis



Overview

The objective of this study is to evaluate the availability, cost and feasability of
harvesting substantial and reliable sources of feed stock material for the High Plains
Ethanol facility located in Portales, New Mexico. Interviews were conducted by phone,
and in person, in and around the Portales, New Mexico area. | met with processors,
harvesting companies, farmers, truckers, feed brokers, government and academia in
western Texas and eastern New Mexico. | have established volumes and pricing of
material in the region based on these interviews and site visits.

Substantial feed stocks identified in the region include cotton gin trash, sorghum stover,
wheat straw, corn silage, corn stover, and peanut hulls.

This study has identified over 17,000,000 tons of available feedstock in eastern New
Mexico and Texas. The following pages break down this volume.(The information
contained in this study is a best effort estimate with out guarantee.)



Feedstock Volume and Price Summary

Cotton Gin Trash

Total Tonsin Eastern New Mexico and Texas 1,089,138.00
Estimated Average Cost Per Ton $11.57
Sorghum Stover
Total Tonsin Eastern New Mexico and Texas 6,735,000.00
Estimated Average Cost Per Ton $41.18
Wheat Straw
Total Tonsin Eastern New Mexico and Texas 4,086,300.00
Estimated Average Cost Per Ton $46.43
Corn Silage
Total Tonsin Eastern New Mexico and Texas 3,286,600.00
Estimated Average Cost Per Ton $37.54
Corn Stover
Total Tonsin Eastern New Mexico and Texas 1,879,600.00
Estimated Average Cost Per Ton $40.39
Peanut Hulls
Total Tonsin Eastern New Mexico and Texas 62,529.00
Estimated Average Cost Per Ton $31.14
Feedstock Volume
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Total Tonnagein Study Area:
Average Price

17,139,167.00
$39.73




Cotton Gin Trash

Eastern New Mexico grows approximately 37,000 acres of cotton, generating over
54,000 bales of cotton. Information for Texas is statewide, thought he majority of the
cotton is produced in the western portion of the state. The high and low plains region
of the state grows approximately 3,300,000 acres of cotton, producing over 3,000,000
bales. The estimated gin trash produced in this area is approximately 700 pounds per
bale. The combined total generation of gin trash in this region is approximately
1,089,138 tons per year.

Cotton gin trash is currently sold as animal feed, composted, and land applied. The
animal feed market will pay $10.00 per ton FOB gin for ground cotton gin trash. Un—
ground cotton gin trash is given away to composters and in some cases is delivered to
farmers fields for free. Cotton gin operators indicated that they would be interested in
long term, contracted outlets for their material a no cost. While a portion of this
material will continue to go to animal feed, a significant volume could be diverted to
High Plains Ethanol for the cost of transportation only. (Please see the attached
pricing schedule for estimated delivery prices.)

Un-ground Cotton Gin Trash 15,000 ton stock pile




Cotton Gin Trash

Eastern New Mexico Feedstock Pricing

FOB Price: --
County Trans. Tons Del. Price Total

per ton
Guadalupe $13.95 -- $13.95 --
Quay $ 9.82 560 $ 9.82 $ 5,499.20
Eddy $18.11 5,733 $18.11 $103,824.63
Curry $ 5.00 1,418 $ 5.00 $ 7,087.50
Debaca $ 9.00 -- $ 9.00 --
Chaves $10.35 4,550 $10.35 $ 47,092.50
Lea $12.26 4,340 $12.26 $ 53,208.40
Roosevelt $ 5.00 2,538 $ 5.00 $ 12,687.50
Total 19,138
Total Tonswithin New Mexico
Estimated Average Delivered Cost Per Ton $11.99
Texas Feedstock Pricing
State $11.56 1,070,000 $11,56 $ 12,369,200
Estimated Average Delivered Cost Per Ton $11.56
Total Tonsin Eastern New Mexico and Texas 1,089,138
Estimated Average Delivered Cost Per Ton $11.57




Sor ghum Stover

Eastern New Mexico grows approximately 217,500 acres of sorghum. Texas
Department of Agriculture figures shows 3,150,000 acres were grown in 1997.
Using the estimate that an acre of Sorghum will produce approximately two tons
of in field waste, there appears to be approximately 670,000 tons of sorghum
stover generated on an annual basis in eastern New Mexico and Texas.

Livestock pasture appears to be the only use for sorghum stover at thistime.
Harvesting sorghum stover is not a common practice. However, if we utilize
similar harvesting equipment to that of harvesting wheat straw we can establish an
estimated cost of harvesting to be approximately $30 per ton fob. (Please

see the attached pricing schedule for estimated delivered prices.)



Sor ghum Stover

Eastern New Mexico Feedstock Pricing

FOB Price: $30.00
County Trans. Tons Del. Price Total

per ton
Guadalupe $13.95 800 $43.95 $ 35,160.00
Quay $ 9.82 47,600 $39.82  $1,895,432.00
Eddy $18.11 600 $48.11 $ 28,866.00
Curry $ 5.00 192,000 $3500  $6,720,000.00
Debaca $ 9.00 -- $39.00 --
Chaves $10.35 800 $40.35 $ 32,280.00
Lea $12.26 6,000 $42.26 $ 253,560.00
Roosevelt $ 5.00 187,200  $35.00 $6,552,000.00
Total 435,000
Total Tonswithin New Mexico
Estimated Average Delivered Cost Per Ton $35.67
Texas Feedstock Pricing
State $11.56 6,300,000 $41.56 $ 261,828,000
Estimated Average Delivered Cost Per Ton $41.56
Total Tonsin Eastern New Mexico and Texas 6,735,000
Estimated Average Delivered Cost Per Ton $41.18




Wheat Straw

The 1996 data on the eight surrounding New Mexico counties of Guadalupe, Quay,
Curry, DeBaca, Roosevelt, Chaves, Lea and Eddy shows approximately 100,000 acres of
wheat for grain being grown. The information for Texas is not broken down by region,
only by state. However, the high plains region on the westside of the state is the mgor
producer of wheat. Texas grows approximately four million acres of wheat. Wheat straw
generation can fluctuate between one half ton per acre to two tons per acre depending on
farming and harvesting practices. Using an average of one ton per acre it could be
assumed that there would be approximately 4.1 million tons of straw generated in the
eastern New Mexico, and western Texas region.

| could not find any substantial competition for this material. The most common practice
for dealing with straw istilling it into the soil. In my discussion with harvesters, farmers
could be enticed to bale their straw for $35 to $40 per ton FOB. Unless the crop was
within five miles of the ethanol plant, freight would need to be added to the cost of this
product. (Please see the attached pricing schedule for estimated delivered prices.)

In most cases the baled straw could be stored at the farmers field side until required at the
facility.



Wheat Straw

Eastern New Mexico Feedstock Pricing

FOB Price: $35.00
County Trans. Tons Del. Price Total

per ton
Guadalupe $13.95 1,100 $48.95 $ 53,845.00
Quay $ 9.82 3,000 $44.82 $ 134,460.00
Eddy $18.11 100 $53.11 $ 5311.00
Curry $ 5.00 64,000 $40.00  $2,560,000.00
Debaca $ 9.00 100 $4400 $ 4,400.00
Chaves $10.35 900 $45.35 $ 40,815.00
Lea $12.26 2,400 $47.26 $ 113,424.00
Roosevelt $ 5.00 14,700 $40.00 $ 588,000.00
Total 86,300
Total Tonswithin New Mexico
Estimated Average Delivered Cost Per Ton $40.56
Texas Feedstock Pricing
State $11.56 4,000,000  $46.56 $ 186,240,000
Estimated Average Delivered Cost Per Ton $ 46.56
Total Tonsin Eastern New Mexico and Texas 4,086,300

Estimated Average Delivered Cost Per Ton $46.43




Corn Silage

The eight eastern New Mexico Counties surveyed for this study reported approximately
22,000 acres of corn silage grown in the region. Corn Silage grown in Texas equaled
150,000 acres, generating approximately 2,850,000 tons. Corn silage is typically grown
for livestock feed and the harvesting equipment is already in place. For that reason we
can generate fairly accurate production data. This region produced 3,286,600 tons of
silage in 1997 or just over twenty tons per acre.

Corn Silage typically sells for approximately $20.00 per ton in the field. The cost of
harvesting at $6.50 per ton plus the cost of freight, make this high moisture material
fairly expensive. (Please see the attached pricing schedule for delivered prices.)
Livestock demand will keep this feedstock higher priced than some of the other
alternatives.



Corn Silage

Eastern New Mexico Feedstock Pricing

FOB Price: $26.50
County Trans. Tons Del. Price Total

per ton
Guadalupe $13.95 -- $40.45 --
Quay $ 9.82 8,400 $36.32 $ 305,088.00
Eddy $18.11 -- $44.61 -
Curry $ 5.00 104,000 $31.50  $3,276,000.00
Debaca $ 9.00 -- $35.50 --
Chaves $10.35 110,000 $36.85  $4,053,500.00
Lea $12.26 73,500 $38.76  $2,848,860.00
Roosevelt $ 5.00 140,700 $31.50  $4,432,050.00
Total 436,600
Total Tonswithin New Mexico
Estimated Average Delivered Cost Per Ton $34.16
Texas Feedstock Pricing
State $11.56 2,850,000 $38.06 $ 108,471,000
Estimated Average Delivered Cost Per Ton $38.06
Total Tonsin Eastern New Mexico and Texas 3,286,600
Estimated Average Delivered Cost Per Ton $37.54




Corn Stover

Corn stover is regarded as that material which is left behind after harvesting the grain
from the Corn plant in the field. The corn for grain acreage within the eight surrounding
eastern New Mexico counties equaled, 43,200 acres. Texas acreage equaled 1,750,000.
One acre of corn will produce approximately two tons per acre of corn stover. The
1,793,200 acres of corn should produce approximately 3,600,000 tons of corn stover.

Corn stover, if harvested at all, istypicaly baled. The stalks are first cut, raked and then
Baled. Balers used in this area have been either 1,000 pound round bales or large 1,800
pound square bales. The square bales are preferred over the round bales due to their ease
of handling and increased payload. Care must be taken in the harvesting practice to
minimize the percentage of soil contamination in the corn stover. Corn stover becomes
available for harvest in mid-September. Baling cost for corn stover is estimated to be
$25.00 per ton. (Please see the attached pricing schedule for estimated delivery prices.)



Corn Stover

Eastern New Mexico Feedstock Pricing

FOB Price: $30.00
County Trans. Tons Ddl. Price Total

per ton
Guadalupe $13.95 -- $43.95 --
Quay $ 9.82 1,000 $39.82 $ 39,820.00
Eddy $18.11 -- $48.11 -
Curry $ 5.00 55,200 $35.00 $1,932,000.00
Debaca $ 9.00 -- $39.00 --
Chaves $10.35 1,400 $4035 $ 56,490.00
Lea $12.26 -- $42.36 --
Roosevelt $ 5.00 28,800 $35.00  $1,008,000.00
Total 86,400
Total Tonswithin New Mexico
Estimated Average Delivered Cost Per Ton $35.14
Texas Feedstock Pricing
State $1156 1,793,200 $4156 $74,525,392.00
Estimated Average Delivered Cost Per Ton $41.56
Total Tonsin Eastern New Mexico and Texas 1,879,600
Estimated Average Delivered Cost Per Ton $41.27




Peanut Shells

Portal es area peanut processors process approximately 62,000,000 pounds of peanut
annually. This volume generates between 4,000 to 4,500 tons of shells. Texas produces
approximately 411,000 tons of peanuts generating 58,529 tons of shells. The peanut shells
are currently sold as animal feed at the rate of $20.00 per ton FOB the processor site in
Portales. (Please see the attached pricing schedule for estimated delivery prices.)



Peanut Hulls

Eastern New Mexico Feedstock Pricing

FOB Price: $20.00
County Trans. Tons Del. Price Total

per ton
Guadalupe $13.95 -- $33.95 --
Quay $ 9.82 -- $29.82 --
Eddy $18.11 -- $38.11 --
Curry $ 5.00 -- $25.00 --
Debaca $ 9.00 -- $29.00 --
Chaves $10.35 -- $30.35 --
Lea $12.26 -- $32.36 --
Roosevelt $ 5.00 4,000 $25.00 $ 100,000
Total 4,000
Total Tonswithin New Mexico
Estimated Average Delivered Cost Per Ton $25.00
Texas Feedstock Pricing
State $11.56 58,529 $3156 $1,847,175.24
Estimated Average Delivered Cost Per Ton $31.56
Total Tonsin Eastern New Mexico and Texas 62,529
Estimated Average Delivered Cost Per Ton $31.14




Estimated Mileage and Transportation Costs

Eastern New M exico Counties:

Counties
Guadalupe
Quay
Eddy
Curry*
Debaca
Chaves
Lea
Roosevelt*
Average

*(min. $5.00/ton)

Western Texas Cities:

Cities
Muleshoe
Amarillo
L ubbock
Brownfield
Plainfied
Hereford
Average

Miles
124
87.3
161

30
80
92
109
10
86.66

Miles
49
122
118
127
110
77
100.5

Transportation Cost
@ $2.30 per loaded mile

$285.20
$200.79
$370.30
$100.00
$184.00
$211.60
$250.70
$100.00
$212.82

Transportation Cost
@ $2.30 per loaded mile

$112.70
$280.60
$271.40
$292.10
$253.00
$177.10
$231.15

Cost/ton
@ 20 tons/load

$14.26
$10.04
$18.52
$5.00
$9.20
$10.58
$12.54
$5.00
$10.64

Cost/ton
@ 20 tons/load

$5.84
$14.03
$13.57
$14.61
$12.65
$8.86
$11.56



Feed D.M. CP. C.Fa C.Fibee Moisture Ash N.FE.
Cottonseed Trash 90.7 7.7 16 279 9.3 9.3 --
Spindle-picked CGT 90.69 594 3.16 31.78 9.31 11.04 38.78
unpelleted
Stripper-harvested CGT 9144 1013 1.28 38.50 8.56 810 3343
pelleted
Loose CGT 93.7 6.3 1.0 33.2 6.3 12.1 39.9
CGT cubes 88.32 1043 244 25.0 11.68 19.53 --
CGT cubes 93.06 1055 1.90 20.29 6.94 28.44 --
Loose CGT 78.20 7.4 45 20.0 21.8 14.9 --
CGT cubes 89.66 8.92 1.16 26.97 10.34 22.02 --
85,50 8.67 217 25.15 14.50 23.60 --
8212 1181 353 20.70 17.88 16.67 --
CGT pellets 9144 1013 1.28 38.50 8.56 8.10 --
Cotton burrs 92.0 8.5 2.0 35.9 8.0 8.0 37.9
CGT 92.0 7.0 15 35.0 8.0 10.0 --
D.M. = Dry Matter C. Fiber = Crude Fiber
C.P. = Crude Protein (N x 6.25) N.F.E. = Nitrogen-Free Extract

C.Fa = CrudeFat

Table1l. Chemical Composition of Cotton Gin Trash Samples

Source
U.S.-Canadian tables of feed
composition
Missippi

Texas

Arizona
Arizona
Arizona
New Mexico
Arizona
Arizona
Arizona
Texas

Texas

SRI



APPENDIX C

Salections from Project Monthly Reports (Feedstock Composition)

December 15, 1999
To: Art Wisdoge

Subject: July 1999 Monthly Report
Subcontract No. ZXE-8-18080-06

Additiona andytica results on the cotton gin trash were received from Axion Andyticd in July.
Some of the results seem quite different from vaues reported in the literature, and repests of
severa of the analyses were requested.

R.E. Lumpkin
Principle Investigator
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APPENDIX C

December 15, 1999
To: Robert Wooley

Subject: August 1999 Monthly Report
Subcontract No. ZXE-8-18080-06

Fina andytical results were reported for cotton gin trash late in August. The compostion of this
materid isgiven below. All numbers are on adry basis, unless specified otherwise:

89.39% biomass (12.61% moisture)
41.6% carbon, 4.9% hydrogen, 1.15% nitrogen, 32.2% oxygen
0.85% fat
1.23% starch
2.52% acetic cid
Lignin—Klaison 35.77%, 38.32%
Acid Soluble 1.83%, 1.95%
Totd ash 8.79%
Soluble ash 4.41%
22.08%, 24.74% total glucose, 1.30% soluble glucose
10.89%, 10.37% total xylose, 6.86% soluble xylose
1.49%, 1.49% total arabinose, 1.56% soluble arabinose
1.53%, 1.48% total galactose, 1.57% soluble galactose
No measurable mannose
{Ed. Note: The values below are presented for a moisture-containing sample}
Cr, Co, Ni, Cu, Mo, Pb were absent or in amounts too low to measure.
371 ppm Na, 228 ppm Mg, 3207 ppm Al, 16,517 ppm K, 8914 ppm Ca, 138 ppm Ti, 33
ppm Mn, 1477 ppm Fe, 14 ppm Zn, 93 ppm Sr, 22,459 ppm S, 1136 ppm P

R.E. Lumpkin
Principle Investigator
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Bridge-to-Corn-Ethanol Subcontract Summary Sheet
SWAN Biomass Company
Technical Advisor: Bob Wooley

Industrial Partner: High Plains Corporation, Portales, NM (Size 10 MM gal/yr)
Other Partners. Weatherly, Inc.

Starch to Ethanol Process Infor mation
Feedstock: Milo

Facility Capacity: 10,000,000 gal/yr

Ethanol Yield: not reported

Other Products: Dry distillers grain, CO, (until 1999)

Biomass Process I nformation

Size of Biomass Process. 11.3 MM gal/yr = 725 dry ton/day

Ethanol Yield: 45.8 gal / dry ton

Feedstock: Cotton Gin Trash

Process. Proprietary SWAN process — not reported

Fer mentative Organism: not reported

Steam: Produced by natural gas boiler

Electricity: Purchased

Other Information: Cellulase enzyme is assumed purchased for $0.50/L
Co-products: Acetic acid, wet solid residue (assumed value as animal feed)

Linkswith Existing Facility

Project isaretrofit of an existing corn dry mill to process cotton gintrashin
place of milo. The majority of the plant areas are either removed or improved
to make the feedstock change.

Capital and Operating Costs

Biomass Plant Capital Investment: $30M = $2.65/ annual gallon
Total Operating Costs: »$1.64/ gal ethanol

Operating Costs L ess Co-product Credits: $0.80 /gal ethanol
Feedstock Cost: $11.57/ton =$0.29/ gal ethanol

Chemical, enzyme and Disposal Cost: $0.434 / gal ethanol

Proforma

Discounted rate of return: 23.5%

Net Present Value at 12% discount rate: $8M

Ethanol Selling Price: $1.10/ gal

Acetic Acid Selling Price: $0.17/lb

Wet solid residue Selling Price: $0.20/ Ib protein

Plant Life: 15 years

Financing: 100% Equity

Depreciation: 10 year double declining balance/straight line
Tax element: Assume Small Producer Tax Credit available

Sensitivity Analysis

Investigated effect of:

Feedstock Cost

Byproduct solids value

No tax credit after 2007

No SPTC

Debt/Equity ratio

Feedstock Quality (amount of carbohydrate)

Strengths
Retrofit of existing plant



Small capital investment
Identified lower cost feedstock than current milo

Recommendations/Next Steps

Generate operating data using SWAN process technology on cotton gin trash feedstock
Determine variationsin cotton gin trash composition

Confirm market for solid co-product; may need feedlot tests.
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